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Description 

The present Invention cone rns a method of 
creating patterned multilay r films for use in the 
production of semiconductor circuits and systems, 
wherein at ieast one of said multilayers is etch- 
resistant. The films may become- a permanent part 
of the circuit or system; or, they may be used as 
masks which are removed during processing, so 
that they do not become part of the final circuit or 
system. 

In the manufacture of semiconductor chips and 
systems, including packaging, multilayer films are 
used as insulators, semiconductors, and conduc- 
tors. In the production of patterned devices, mul- 
tilayer films are often used to achieve pattern trans- 
fer. 

An example of the pattern transfer application 
is the use of multilayer films as masks during 
processing steps. Frequently the multilayer mask- 
ing films are polymeric, due to ease of use and the 
relatively low cost of such materials. Depending on 
the pattern to be transferred, the multilayer mask 
may be comprised of several different polymeric 
materials, each material to accomplish a specific 
task. For example, a substrate to which a mask is 
to be applied may exhibit a multitude of geome- 
tries, necessitating the use of a planarizing layer 
prior to the layer of masking which is patterned 
(the imaging layer), in order to provide accuracy 
during patterning. Once the imaging layer has been 
patterned, it is necessary to transfer the pattern 
through the planarizing layer to the substrate. A 
current trend in the semiconductor industry is to 
use dry etching techniques to transfer the pattern 
through the planarizing layer. This is because con- 
ventional wet processes, which utilize solvent to 
transfer the pattern in the imaging layer through the 
planarizing layer, do not provide the anisotropic 
removal mechanism considered necessary to 
achieve optimal dimensional control within the pa- 
rameters of today's systems. 

Examples of dry-developable multilayer pat- 
terned films (resists) are provided in U.S. Patent 
No.s 4,426,247 to Tamamura et al., 4,433,044 to 
Meyer et al., 4,357,369 to Kilichowski et al., and 
4,430,153 to Gleason et al. In al! of the above 
patents, one of the resist layers comprises a 
silicon-containing polymer. The silicon-containing 
layer is imaged and developed into a pattern. Sub- 
sequently, the patterned layer of resist is exposed 
to an oxygen plasma or to reactive ion etching; this 
causes the formation of silicon oxides in the pat- 
terned layer, which protect underlaying polymeric 
layers and permit transfer of th patt rn through 
the underlying polymeric layers. 

Recently, processes have be n developed 
which permit sel ctive conv rsion of portions of a 



non-silicon-containing resist layer to a silicon-con- 
taining, etch-resistant form. The resist layer is im- 
aged but not developed, and the latent image with- 
in the- layer is reacted with an organ ometal lie 

5 reagent to incorporate an oxide-forming metal such 
as silicon into the image. The latent image is then 
dry developable, and the etch-resistant images, as 
well as underlying planarizing layers, can then be 
dry etched using an oxygen plasma to simulta- 

70 neously develop and transfer the pattern through to 
the substrate below. 

Examples of this latter method of obtaining 
dry-developable multilayer resists are described in 
U.S. Patent Application Serial Numbers 609,690 

75 and 679,527 (assigned to the assignee of the 
present invention). 

However, the methods of creating dry-devel- 
opable multilayer resists described in the two U.S. 
patent applications above provide a negative tone 

20 pattern, and many practitioners within the semicon- 
ductor industry prefer to use a positive tone pat- 
tern. In addition, the two methods described 
present problems on application to novolak resist 
materials of the type most commonly used in semi- 

25 conductor industry lithography. 

Further methods involving patterning a polymer 
film in a dry-etch process followed by reacting the 
film with organometallic compounds in order to 
render it dry-etch-resistant are described in the 

30 following references: 

Article "The Role of Inorganic Materials in dry- 
processed Resist Technology" (Solid State Tech- 
nology, Vol. 27 (1984), No.2, pages 145-155), 
Article ■ Polarity Reversal of PMMA by Treatment 

35 with Chlorosilanes" (Extended Abstracts, Vol. 82-2 
(19B2), No.201, pages 321-322, Pennington, New 
Jersey, US), and 
US-A-4 125 650. 

A main object of the invention is to provide a 

40 high resolution resist system that uses standard 
resist technology for the formation of the image 
layer while providing a two-layer resist capable of 
functioning at increased temperatures of subse- 
quent processing steps. The inventive method 

45 should also permit the selective use of either posi- 
tive or negative tone pattern. 

The invention as claimed is intended to rem- 
edy the drawbacks hitherto encountered and to 
meet the above objects. A method is provided for 

so creating multilayer films wherein at least one layer 
is a patterned, etch-resistant layer, and wherein 
either positive or negative tone patterns can be 
obtained by wet-development according to claim 1 . 
An etchant such as oxyg n plasma can then be 

55 used to transfer the pattern in th etch-resistant 
layer through any adjacent polymeric layers shield- 
ed by the etch-resistant, patterned layer, such as 
(but not limit d to) underlying layers. 
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The present invention disclos s a m thod of 
producing multilayer films for use in the production 
of semiconductor circuits and systems, wherein at 
least one of the multilayers is etch-resistant, com- 
prising: 

(a) applying at least one layer of polymeric 
material to the surface of a substrate; 

(b) applying an imaging layer of radiation-sen- 
sitive material over the surface of said at least 
one layer of polymeric material; 

(c) exposing at least a portion of said layer of 
radiation-sensitive material to radiation, in order 
to create a latent image therein; 

(d) wet-developing said latent image within said 
layer of radiation-sensitive material to create a 
pattern upon the surface of said at least one 
layer of polymeric material; and 

(e) reacting said developed, patterned layer with 
an organometicallic reagent in order to create an 
etch-resistant material. 

According to the invention, when the layer of 
radiation-sensitive material is capable of reacting 
with the organometallic reagent prior to irradiation 
and after development of the image, a positive tone 
pattern can be obtained if the irradiated portion of 
the radiation-sensitive material can be selectively 
removed in wet-development step (d). The portion 
of the layer of radiation-sensitive material remain- 
ing after step (d) can be directly reacted with the 
organometallic reagent A negative tone pattern can 
be obtained if the irradiated portion of the radiation- 
sensitive material becomes selectively resistant to 
the development process of step (d), so that it is 
the non-irradiated portion of the layer which is 
removed upon development. The irradiated portion 
of the layer remaining after development can be 
subsequently reacted with the organometallic 
reagent 

In another preferred embodiment, wherein the 
image within the radiation-sensitive material cannot 
be developed to provide the desired pattern di- 
rectly after irradiation, it is necessary to carry out 
an additional reaction step prior to development of 
the image. In such case, the method comprises the 
same steps (a), (b) and (c) followed by a step in 
which the layer of radiation-sensitive material is 
further reacted in order to alter its development 
characteristics, step (d) in which the reacted image 
is wet-developed to create a pattern upon the sur- 
face of the at least one layer of polymeric material, 
and step (e) in which the developed image is 
reacted with an organometallic reagent in order to 
create an etch-resistant material. Again, either a 
positive or a negative tone pattern can be obtained, 
d pending upon the effect of steps (c) and (d) 
upon the particular radiation-sensitive material 
used. 

In both of the above embodiments, the 



radiation-sensitiv material is capabl of reacting 
with the organometallic reagent prior to irradiation 
and after development of the image. The purpose 
of the radiation Is to create the image only, and the 

5 purpose of any additional reaction steps following 
irradiation but prior to development of the image is 
to distinguish the solubility characteristics of the 
originally irradiated and non-irradiated areas, to 
provide the desired pattern tone upon develop- 

10 ment. 

There are additional embodiments of the 
present invention In which the radiation-sensitive 
material is not capable of reacting with the or- 
ganometallic reagent prior to irradiation. In these 

is embodiments, radiation is required to initiate a re- 
action which alters the chemical composition of the 
radiation-sensitive material so that it is capable of 
reacting with the organometallic reagent. Depend- 
ing on the radiation-sensitive material, Irradiation 

20 may be followed by an additional reaction step in 
order to obtain a material capable of reacting with 
the organometallic reagent. 

In other embodiments of the present invention, 
wherein the radiation-sensitive material is not ca- 

25 pable of reacting with the organometallic reagent 
prior to irradiation, and wherein irradiation alone is 
not sufficient to create either the desired develop- 
ment characteristics or sufficient capability of reac- 
ting with the organometallic reagent, it is necessary 

30 to carry out an additional reaction step. The addi- 
tional reaction step may be carried out before 
development to obtain the desired development 
characteristics, or may be carried out before or 
after development to obtain sufficient capability of 

35 reacting with the organometallic reagent 

In ail of the above embodiments, once the 
etch-resistant material is created, oxygen plasma 
(or any functionally equivalent dry etchant) can be 
used to transfer the pattern in the etch-resistant 

40 layer through any adjacent polymeric layers shield- 
ed by the etch-resistant patterned layer. 

The method of the present invention can be 
used to provide multllayered, patterned films for 
masking and for applications in which the patterned 

45 films become a permanent part of the circuit or 
system. In the latter case, it may be desirable to 
remove the patterned imaging layer subsequent to 
pattern transfer, or to carry out an additional reac- 
tion subsequent to pattern transfer which removes 

50 residual organometallic components and/or metallic 
compounds. 

FIGS, 1 through 6 depict a series of process 
steps for producing a multilayered, patterned film 
with a positive tone pattern, wherein the upper film 
55 layer is etch-resistant, and wherein the upper film 
(Imaging) layer contains r active groups prior to 
irradiation and after developm nt of the image. 

FIGS. 7 through 13 d pict a series of process 
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steps for producing a multi layered, patterned film 
with a negative tone pattern, wherein the upper film 
layer is tch-resistant ( and wh rein the upper film 
(imaging) layer contains reactive groups prior to 
irradiation and after development of the image. 

FIGS. 1 4 through 21 depict a series of process 
steps for producing a multilayered, patterned film 
with a positive tone pattern, wherein the upper film 
layer Is etch-resistant, and wherein the upper film 
(imaging) layer is a radiation-sensitive material con- 
taining no reactive groups prior to irradiation, and 
wherein an additional reaction step is required to 
generate the desired form of active groups in the 
radiation-sensitive material. 

FIGS. 22 through 28 depict a series of. process 
steps for producing a mulitlayered, patterned film 
with a negative tone pattern, wherein the upper film 
layer is etch-resistant, and wherein the upper film 
(imaging) layer is a radiation-sensitive material con- 
taining no reactive groups prior to irradiation, and 
wherein an additional reaction step is required to 
generate active groups in the radiation-sensitive 
material. 

Preferred embodiments include examples 
wherein the layer of radiation-sensitive material is 
capable of reacting with the organometallic reagent 
both prior to irradiation and after development of 
the image. Radiation-sensitive materials meeting 
this requirement comprise polymeric materials 
which contain reactive functional groups such as 
OH, COQH, NH and SH. The form of the active 
groups may be altered during subsequent process 
steps in some cases, but reactive groups must 
remain in some form after development of the 
image. Typical polymeric materials of this type 
include novolaks, polyvinylphenols, and 
polyacryiates. The novolaks and polyvinylphenols 
are made radiation sensitive by addition of sensitiz- 
ers such as diazoquinone derivatives, diazides, or 
azides. 

Multilayered films with a positive tone pattern, 
made using polymers of the type described above, 
are created by the method shown in FfGS. 1-6. 
Referring now to FIG. 1, a layer of a polymeric 
planarizing material 32 is applied over the surface 
of a substrate 10. The polymeric planarizing ma- 
terial need not contain any reactive groups; in fact, 
it is preferable that it does not. In addition, it is 
preferable that the planarizing layer be comprised 
of a material capable of withstanding high tempera- 
tures in order to permit subsequent high tempera- 
ture processing steps. Such high temperature 
planarizing layers may be comprised of polyimides, 
or commercially available novolak photoresists 
which have been baked at temperatures higher 
than about 200° C in order to provide increased 
thermal stability and reduced capability to react 
with organometallic reagents, or other th rmally 



stable poiym rs. A layer of radiation-sensitiv ma- 
terial 14 is th n applied over the surface of the 
polymeric planarizing material. Th surfac of the 
radiation-sensitive material 14 is then exposed to 

5 patterned radiation as shown in FIG. 2 in order to 
create an image 16 therein, as shwon in FIG. 3. 

For purposes of this discussion, those to follow, 
and the claims made herein, "radiation" should be 
interpreted to include both photon (ultraviolet light 

10 from 150 nm - 600 nm) and radiation emission 
sources such as X-ray, electron beam, and Ion 
beam. The particular radiation source used de- 
pends on the sensitivity of the polymer and sen- 
sitizers being used. 

1$ The image is subsequently developed to pro- 
vide a positive tone pattern as shown in FiG. 4, by 
removal of the irradiated portions of the radiation- 
sensitive layer. This removal is accomplished using 
a solvent for the irradiated material, which solvent 

20 does not affect non-irradiated material. 

The developed pattern is now reacted with an 
organometallic reagent to provide an etch- resistant 
pattern 18, as depicted in FIG. 5. Oxygen plasma 
or reactive ion etching techniques can then be 

25 used to transfer the pattern of the etch-resistant 
layer 18 through the underlying planarizing layer 
12, to the substrate surface 20, as shown in FIG. 6. 
Depending on the method and conditions of etch- 
ing, the planarizing layer can be etched to have 

30 straight or undercut sidewalls as shown in the 
enlargement of FIG. 6. 

The organometallic reagent used to render the 
radiation-sensitive material etch-resistant can be of 
the type described in patent applications Serial 

35 Numbers 609, 690 and 679,527. The reagent may 
also be of the type described in US Patent Applica- 
tion Serial Number 713,509 (assigned to the as- 
signee of this application.) 

Multilayered films with a negative tone pattern 

40 are created by the method shown in FIGS. 7-13. 
Referring now to FIG. 7, a layer of a polymeric 
planarizing material 32 is applied over the surface 
of a substrate 30. It is preferable that the planariz- 
ing material 32 not contain groups which are reac- 
ts tive with the organometallic reagent. A layer of 
radiation-sensitive material 34 is then applied over 
the surface of the polymeric planarizing material 
32. The surface of the radiation-sensitive material 
34 is then exposed to patterned radiation as shown 

so in FIG. 8, in order to create an image 36 therein, as 
shown in FIG. 9. 

The Image is subsequently developed by re- 
moval of the non-irradiat d portions of th imaging 
layer, in order to create a negativ tone pattern. If 

55 the non-irradiated portions of the imaging layer 34 
can be removed by a wet-development technique 
which does not affect the irradiated material 36, th 
Image can be d velop d directly, to provid the 
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structure shown in FIG. 11. If the irradiated Image 
36 and the non-irradiated material 34 are affected 
in the same manner by the development step, the 
Irradiated image 36 must undergo an additional 
reaction step (as shown in FIG. 10) to alter its 
chemical structure or composition, so that the non- 
irradiated material 34 can be removed by wet- 
development which does not affect the irradiated, 
reacted image 38. 

After development of the image as shown in 
FIG. 11, the developed pattern 38 is reacted with 
an organometallic reagent of the type previously 
discussed, to create an etch-resistant material 40, 
as shown in FIG. 12. Oxygen plasma or reactive 
ion etching techniques can then be used to transfer 
the pattern of the etch-resistant layer 40 through 
the underlying planarizing layer 32, to the substrate 
surface 42 as shown in FIG. 13. 

Other preferred embodiments include exam- 
ples wherein the radiation-resistant material is not 
capable of reacting with the organometallic reagent 
prior to irradiation. Two such systems for producing 
multilayered, patterned films are described in pat- 
ent applications Serial Numbers 609,690 and 679, 
527. The first of the above applications describes 
the use of polymeric materials combined with sen- 
sitizers, wherein the sensitizer generates an acid 
upon Irradiation which is. reacted with the polymeric 
material to generate reactive hydrogens on the 
polymeric material. Subsequently, the polymeric 
material is reacted with the organometallic reagent. 
Typical polymeric materials used in this method 
include poly(t-butyl methacrylate), poly(t-butylox- 
ycarbonyloxystyrene), and copolymers thereof. Ad- 
ditional polymeric materials of this type are de- 
scribed in U.S. Patent No. 4,491,628 to Ito et al. 
The first application also describes the use of poly- 
mers such as poly(p-formyloxystyrene) which gen- 
erate active hydrogens directly on irradiation so 
that it is not necessary to use a sensitizer. The 
second application describes additional systems 
which require no sensitizer. In these systems, func- 
tional groups which become reactive upon irradia- 
tion are attached to the desired polymer backbone. 
Typical of such functional groups are o-nitrobenzyl 
derivatives (which rearrange on exposure to radi- 
ation to form alcohols, acids, and amines), photo- 
fries reactive units, and diazoketones. 

Multilayered films with a positive tone pattern, 
made using sensitized polymers of the type de- 
scribed above, are created by the method shown in 
FIGS. 14-21. Referring now to FIG. 14, a layer of 
polymeric planarizing material 52 is applied over 
the surface of a substrate 50. A layer of radiation- 
sensitive material 54 is then applied over the sur- 
face of the polymeric planarizing material 52. The 
surface of the radiation-sensitive material 54 is then 
exposed to patterned radiation as shown In FIG. 15, 



in order to create an image 56 ther in, as shown in 
FIG. 16. 

Th imag is subsequently developed by re- 
moval of the irradiated portions 56 of the imaging 

5 layer, in order to create a positive tone pattern. If 
the irradiated image 56 can be removed by a wet- 
development technique which does not affect the 
non-irradiated material 54, the image can be devel- 
oped directly to provide the positive tone pattern 

10 shown in FIG. 18. If the irradiated image 56 and the 
non-irradiated material 54 are affected in the same 
manner by wet-development, the irradiated image 
56 must undergo an additional reaction step, as 
shown in FIG. 17, to alter Its chemical structure or 

75 composition, so that it can be removed without 
affecting the non-irradiated material 54. The chemi- 
cally altered, irradiated image is depicted as 58 in 
FIG. 17, Subsequently, the irradiated, chemically 
altered image 58 can be developed as shown in 

20 FIG. 18. 

Since the imaging layer 54 remaining after 
development contains no reactive groups, it must 
be irradiated as shown in FIG. 19 to create the 
reactive groups, thus yielding an altered material 

25 60. Again, if irradiation alone does not generate 
groups capable of reacting with the organometallic 
reagent, an additional reaction step may be re- 
quired. 

Subsequently, the altered imaging layer 60 is 
30 reacted with the organometallic reagent to produce 
the etch-resistant patterned layer 62 shown in FIG. 
20. Oxygen plasma or reactive ion etching tech- 
niques can then be used to transfer the pattern of 
the etch-resistant layer 62 through the underlying 
35 planarizing layer 52, to the substrate surface 64, as 
shown in FIG. 21 . 

Multilayered films with a negative tone pattern 
are created by the method shown in FIGS. 22-28. 
Referring now to FIG. 22, a layer of a polymeric 
40 planarizing material 72 is applied over the surface 
of a substrate 70, A layer of radiation-sensitive 
material 74 is then applied over the surface of the 
polymeric planarizing material 72. The surface of 
the radiation-sensitive material 74 is then exposed 
45 to patterned radiation as shown in FIG. 23, in order 
to create an image 76 therein, as shown in FIG. 24. 

The image is subsequently developed by re- 
moval of the non-irradiated portions of the imaging 
layer, in order to create a negative tone image. If 
so the non-lrradlated material 74 can be removed by a 
wet-development which does not affect the irradi- 
ated image 76, the image can be developed di- 
r ctly to provide the structure shown in FIG. 26. If 
the irradiated image 76 and the non-irradiated ma- 
ss terial 74 are affected In the same manner by the 
wet-development, the irradiated Image 76 must un- 
dergo an additional reaction step, as shown in FIG. 
25, to alter Its chemical structur or composition so 
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that the non-irradiated material 74 can be removed 
without affecting the irradiated image 76. The 
chemically altered, irradiated image Is depicted as 
78 in FIG. 25. Subsequently, the chemically al- 
tered, irradiated image 78 can be developed as 5 
shown in FIG. 26. 

Since the imaged layer contains active groups 
created during earlier process steps, the developed 
image 78 can be reacted with the organometallic 
reagent as shown in FIG. 27, to create the etch- 10 
resistant, patterned layer 80. Oxygen plasma or 
reactive ion etching techniques can then be used 
to transfer the pattern of the etch-resistant layer 80 
through the underlying planarizing layer 72, to the 
substrate surface 82 as shown in FIG. 28. 15 

The various embodiments of the present inven- 
tion provide for the creation of either negative or 
positive images; they permit the use of resist sys- 
tems commonly used within the semiconductor in- 
dustry; and they provide for wet development 'of 20 
the imaging layer, which is preferable in terms of 
cost of equipment required and processing rate. 
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Example 1 

The first example is of a multilayer patterned 30 
film prepared using a polymer containing reactive 
groups prior to irradiation and after development of 
the image. The pattern produced was positive in 
tone and the upper layer of the multilayer patterned 
film- was dry-etch resistant. The method used to 35 



prepare the multilayer patterned film was that de- 
picted in FIGS. 1-6. 

A (planarizing) layer of preimidized polyimide 
12 was applied to a silicon wafer substrate 10 
using standard spin coating techniques. The 
polyimide had a weight average molecular weight 
of about 70,000. The 7 -butyrolactone carrier for 
the polyimide was subsequently removed using a 
250* C bake for a period of about 30 minutes. The 
thickness of the polyimide layer 12 was about 2,0 
micrometers. 

An imaging layer 14 of a novolak polymer 
resist sensitized with a diazoquinone derivative was 
applied by spin coating techniques over the sur- 
face of the polyimide layer 12. The ethyl cellosolve 
acetate carrier for the novolak-based resist was 
subsequently removed using an 85* C bake for a 
period of about 30 minutes. The thickness of the 
novolak-based layer was about ^2 micrometers. 
The structure produced was that shown In FIG. 1. 
The imaging layer 14 was imaged by contact print- 
ing, using near ultraviolet radiation at a dose of 
about 25 mJ/cm 2 , as shown in FIG. 2, and the 



resultant structure was that shown in FIG. 3 , 
wherein the image 16 is depicted. 

The image was subsequently developed, using 
an- aqueous base d veloper to remove the irradi- 
ated image material 16, so that the resulting struc- 
ture was the positive tone pattern shown in FIG. 4. 
The developed Image, as determined by scanning 
electron microscope, was sharp, indicating that no 
Interlayer mixing had occurred between the 
planarizing layer 12 and the imaging layer 14. 

After development of the image, the structure 
shown in FIG. 4 was exposed to the full output of a 
microlite 126 PC Photostabilizer (made by Fusion 
Systems Corporation) for about 30 seconds, and 
then exposed to the vapors of boiling hexamethyl- 
disilazane (HMDS) for a period of about 45 minutes 
in order to produce the silicon-containing etch- 
resistant layer 18 shown in FIG. 5. Since the 
polyimide layer 12 contained no reactive groups, it 
was assumed there was no reaction of the HMDS 
with the polyimide layer. 

The pattern of the etch-resistant imaged layer 
18 was subsequently transferred through the 
polyimide layer 12 to the surface 20 of the silicon 
wafer substrate 10 by oxygen reactive ion etching 
using a parallel plate RIE tool. 

Scanning electron micrographs of the two layer 
patterned film structure atop the silicon wafer sub- 
strate show a layer of the etch-resistant imaging 
material 18 capping the planarizing layer 12, 
wherein the planarizing layer exhibits straight side 
wails, and wherein the exposed substrate surface 
20 exhibits no debris or apparent contamination. 



Example 2 

The second example is of a multilayer pat- 
terned film, prepared using a polymer containing 
40 no reactive groups prior to irradiation. The pattern 
created was positive in tone, and the upper layer of 
the patterned film was dry-etch resistant. The 
method used to prepare the multilayer pattened 
film was that depicted in FIGS. 14-21. 
45 A layer of novolak polymeric material 52 was 
applied to the surface of a silicon wafer 50 by 
standard spin coating techniques. The carrier for 
the novolak was removed using an oven bake. The 
oven bake included a hard bake at a temperature 
50 over 200* C to provide increased thermal stability 
and to reduce the ability of the organometallic 
reagent (used In subsequent process steps) to pen- 
etrate and r act with functional groups within the 
novolak. 

55 An imaging layer of poly(t-butoxycarbonylox- 
ystyrene) (PBOCS) containing triphenylsulfonium 
hexaftuoroarsenate (18.5% to the total solids) 54 
was then applied ov r th surface of the novolak 
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lay r 52 using standard spin coating techniques. 
The cellosolve acetate carrier for the PBOCS- 
triphenyl-sulfonium h xafluoroarsenate was subse- 
quently removed using a 100 ° C bake for about 15 
minutes. The structure produced was that shown in 
FIG. 14. The imaging layer 54 was then exposed to 
254 nm radiation at a dosage of about 5 m J/cm z as 
depicted in FIG. 15, in order to create the image 56 
as shown in FIG. 16. 

The latent image 56 in the PBOCS was then 
converted to a form exhibiting the desired reactive 
functionality 58 using an oven bake at about 100° C 
for a period of about two minutes, as represented 
by FIG. 17. 

The converted image 58 was subsequently de- 
veloped to provide the positive tone image shown 
in FIG. 18 using an isopropyl alcohol developer 
solvent with an exposure period of about 2 min- 
utes, followed by an isopropyl alcohol rinse. 

Since the non-irradiated imaging layer 54 did 
not contain reactive groups after the above process 
steps, it was necessary to irradiate this material. 
The surface of the structure was flood exposed to 
about 5 mJ/cm of 254 nm radiation, as depicted in 
FIG. 19, followed by a 100 " C bake for a period of 
about 2 minutes in order to convert the PBOCS 
polymer to a form containing active hydrogens, 
represented by imaging layer 60. 

The silicon wafer 50 with overlaying layers 52 
and 60 was then placed in a vacuum oven at about 
110* C along with hexamethyldisilazane (HMDS) 
vapors at a pressure greater than 50 torr for a 
period of about 10 minutes. FIG. 20 shows the 
imaging layer 60 converted to a silicon-containing, 
etch-resistant material 62 after the reaction of the 
reactive hydrogens within layer 60 with the HMDS. 

The pattern within the imaging layer 62 was 
subsequently transferred through the pianarizing 
layer 52 to the surface 64 of the silicon wafer 50 by 
oxygen reactive ion etching using a Tegal parallel 
plate RIE tool. 

Scanning electron micrographs of the two layer 
polymeric film structure atop the silicon wafer show 
that the pianarizing layer exhibits straight sidewalls, 
and the surface 64 of the substrate 50 exhibits no 
debris. 

The above process has also been demonstrat- 
ed using PBOCS containing hexafiuroantimonate at 
concentrations as low as about 4% by weight to 
the total solids.. Additional resist compositions 
which combine a polymer having recurrent acid 
labile pendant groups with a cationic photoinitiator 
are described in U.S. Patent No. 4,491,628 to Ito et 
al. 



Example 3 



The third example is of a murtilay r patterned 
film, prepared using a polymer containing no reac- 
tive groups prior to irradiation. The pattern was 
created was negative in tone, and the upper layer 
5 of the patterned film was dry-etch resistant. The 
method used to prepare the multilayer patterned 
film was that depicted in FIGS. 22-28. 

A layer of novolak photoresist polymeric ma- 
terial 72 was applied to the surface of a silicon 
70 wafer 70 by standard spin coating techniques. The 
carrier for the novolak polymer was subsequently 
removed using an oven bake. The resulting thick- 
ness of the novolak layer 72 was about 2 to 4 
micrometers. 

is An imaging layer of poly(t-butoxycarbonylox- 
ystyrene) (PBOCS) containing triphenylsuffonium 
hexafluoroarsenate (18.5% to the total solids) 74 
was then applied over the surface of the novolak 
layer 72 using standard spin coating techniques. 

20 The cellosolve acetate carrier for the PBOCS- 
triphenyl-sulfonium hexafluoroarsenate was subse- 
quently removed using an oven bake at about 
1D0* C bake for about 15 minutes. The thickness of 
the PBCOS Imaging layer 74 was about one mi- 

25 crometer. The structure produced was that shown 
in FIG. 22. 

The imaging layer 74 was exposed to about 5 
mJ/cm 2 of 254 nm radiation as depicted in FIG. 23, 
in order to create the latent image 76 as shown in 

30 FIG. 24. The imaging layer was subsequently oven 
baked at about 100* C for a few minutes in order to 
create reactive functional groups within the 
PBOCS, as depicted In FIG. 25, which shows the 
chemically altered image 78. 

35 The image was then developed using an an- 
isole developer for a period of about 2 minutes, 
followed by a rinse in anisole. A negative tone 
pattern was created, as shown in FIG. 26. 

The silicon wafer 70 with overlaying layers 72 

40 and 78 was then placed in a vacuum oven and 
reacted with HMDS as described In Example 2. 
FIG. 27 shows the imaging layer 78 after reaction 
with the HMDS to create the etch-resistant form of 
material 80. 

45 • The pattern within the etch-resistant imaging 
layer 80 was transferred through the pianarizing 
layer.52 to the surface 82 of the silicon wafer 70 by 
reactive ion etching, as depicted in FIG. 28. 

Scanning electron micrographs of the two layer 

so film structure atop the silicon wafer show a cap of 
imaging layer 80 overlaying pianarizing layer 72 
wherein the pianarizing layer exhibits slightly un- 
dercut sidewalls. 

Only preferred embodiments of the Invention 

55 have be n described above, and one skilled in the 
art will recognize that numerous substitutions, 
modifications, and alterations are permissible with- 
out departing from the scope of the invention, as 
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demonstrated in the following claims. 



Claims 

1. A method of producing multilayer films for use 
in the production of semiconductor circuits and 
systems, wherein at least one of said mul- 
tilayers is etch-resistant, comprising the steps 
of: 

(a) applying at least one layer (12, 32, 52, 
72) of polymeric material to the surface of a 
substrate; 

(b) applying an imaging layer (14, 34, 54, 
74) of radiation-sensitive material over the 
surface of said at least one layer of poly- 
meric material; 

(c) exposing at least a portion of said layer 
of radiation-sensitive material to radiation, in 
order to create a latent image (16, 36, 56, 
76) therein; 

(d) wet-developing said latent image within 
said layer of radiation-sensitive material to 
create a pattern upon the surface of said at 
least one layer of polymeric material; and 

(e) reacting said developed, patterned layer 
(14, 34, 54, 74) with an organometallic 
reagent in order to create an etch-resistant 
material (18,40, 62, 80). 

2. A method as claimed in claim 1, wherein the 
following process step is added after step(d): 

- altering said developed patterned layer 
(54) so that it becomes capable of reac- 
ting with an organometallic reagent 

3. A method as claimed in claim 1 , wherein the 
following process step is added after step(c): 

- altering said imaged layer (36, 76) in 
order to change development character- 
istics, and/or to enable the subsequently 
developed image to sufficiently react with 
organometallic reagents. 

4. The method of claim 1, wherein the non-irradi- 
ated, radiation-sensitive material contains func- 
tional groups capable of reacting with said' 
organometallic reagent. 

5. The method of claim 4, wherein said radiation- 
sensitive material is selected from the group 
consisting of sensitized novolaks, sensitized 
polyvinylphenols, and poly aery lates. 

6. The m thod of claim 1, wherein the radiation- 
s nsitive materia) contains no functional groups 
capable of reacting with said organom tallic 



reagent prior to irradiation. 

7. The m thod of claim 6, wherein said radiation- 
sensitive materials ar polym rs containing 

s functional components selected from the group 
consisting of o-nitrobenzene derivatives (which 
rearrange on exposure to radiation to form 
alcohols, acids and amines) photofries reactive 
units, and diazoketones. 

10 

8. The method of claim 1, wherein, in step (d), 
said layer of radiation-sensitive material is de- 
veloped to create a negative tone pattern. 

75 9. The method of claim 8, wherein the irradiated 
portion of said radiation-sensitive material con- 
tains functional groups capable of reacting with 
said organometallic reagent. 

20 10. The method of claim 9, wherein said radiation- 
sensitive material is comprised of a polymeric 
material selected from the group consisting of 
novolaks, polyvinylphenols and polyacrylates. 

25 11. The method of claim 3 wherein the following 
process step is added after the step of claim 3: 
- exposing at least the previously unex- 
posed portions of the layer of radiation- 
sensitive material to radiation. 

30 

Revendications 

1. Proc6d§ de production de films multicouches 
35 utiles dans la fabrication de circuits et syste- 
mes semiconducteurs, dans lesquels au moins 
Tune de ces multicouches est resistante au 
d£capage, comprenant les Stapes suivantes: 

(a) application d'au moins une couche (12, 
40 32, 52, 72) de matSriau polymere sur la 

surface d'un substrat; 

(b) application d'une couche formant une 
image (14, 34, 54, 74) de mature sensible h 
une radiation sur la surface de cette couche 

45 de materi.au polymere au moins presente; 

(c) exposition & une radiation d'au moins 
une partie de cette couche de matfere sen- 
sible k une radiation de fagon k creer une 
image latente (16,36,56,76) dans celle-ci; 

so (d) dSveloppement par voie humide de cet- 

te image latente dans cette couche de ma- 
tiere sensible pour cre*er un motif sur la 
surface de cette couche de mateViau poly- 
mere au moins presente; et 

55 (e) reaction de cette couche de*velopp£e 

selon un. motif (14, 34, 54, 74) av c un 
rSactlf organorn6talliqu pour cr§er une ma- 
tier resistant au decapage (18,40,62,80). 
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2. Proc^de sulvant la revendication 1 , caract£ris£ 
en ce que PStape sulvant est ajoutee aprfes 
Mtape (d): 

- modification de cette couche d£veloppj§e 
selon un motif (54) pour qu'elle devlenne 
capable de reagir avec un rSactff organo- 
mStallique. 

3. ProcSdS suivant la revendication 1 , caract6ris$ 
en ce que Petape suivante est ajoutde apr&s 
Petape (c): 

• modification de cette couche portant une 
image (36, 76) pour changer les caractS- 
ristiques de developpement et/ou pour 
permettre a l f image d^veloppee ulterieu- 
rement de reagir suffisamment avec des 
rSactifs organom&alliques. 

4. ProcedS suivant la revendication 1 , caracterisS 
en ce que la mature sensible & une radiation, 
non irradtee, contlent des groupes fonctionnels 
capables de rdagir avec ce reactif organomd- 
tallique. 

5. Proc6d§ suivant la revendication 4, caracterisS 
en ce que cette mati&re sensible & une radia- 
tion est choisie dans le groupe consistant en 
novolaques sensibilis^es, polyvinylphgnols 
sensibilis§s et polyacrylates. 

6. Proc6d6 suivant la revendication 1 , caract£ris6 
en ce que la matiere sensible & une radiation 
ne contient aucun groupe fonctionnel capable 
de reagir avec cet agent organometallique 
avant irradiation. 

7. Proced§ suivant la revendication 6, caracterise 
en ce que ces'matieres sensibles a une radia- 
tion sont des polym&res contenant des compo- 
sants fonctionnels choisis parmi des d6riv£s 
d'o-nitrobenz&ne (qui se rSarrangent sous Pef- 
fet d'une exposition h une radiation pour for- 
mer des alcools, des acides et des amines), 
des unites rSactives photo-fries et des diazoce- 
tones. 

8. Proc6d6 sulvant la revendication 1 , caract6ris6 
en ce que dans Petape (d), cette couche de 
mati&re sensible £ une radiation est develop- 
pee pour creer un motif negatif. 

9. Procide suivant la revendication 8, caractSrisS 
en ce que la parti irradiee de cette mature 
sensible h un radiation contient des groupes 
fonctionnels capables de rSagir avec ce rSactif 
organometallique. 

10. ProcSde suivant la revendication 9, caractSrisS 



en ce que cette mati&re sensible & une radia- 
tion est choisi dans le groupe consistant en 
novolaques, polyvinylph^nols et polyacrylates. 

5 11. Proc6d§ suivant la revendication 3, caract£ris§ 
en ce que Petape suivante est ajout£e apres 
Petape de la revendication 3: 

- exposition h une radiation d'au moins les 
parties prSalablement non exposSes de 
10 la couche de matiere sensible k une 

radiation. 
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AnsprUche 



1. Verfahren zum Herstellen von Mehrschichtfil- 
men zur Verwendung bel der Herstellung von 
Halbleiterschaltungen und -Systemen, wobei 
wenigstens eine der Schichten Mtzbestandig 
20 ist, aus den folgenden Schritten bestehend: 

(a) Aufbringen von wenigstens einer Schicht 
(12, 32, 52, 72) aus polymerem Material auf 
die OberflSche eines Substrats; 

(b) Aufbringen einer Abbildungsschicht (14, 
25. 34, 54, 74) aus strahlungsempfindlichem 

Material auf die Oberflache der wenigstens 
einen Schicht aus polymerem Material; 

(c) Bestrahlung wenigstens eines Teils der 
Schicht aus strahlungsempfindlichem Mate- 

30 rial urn ein latentes Bild (16, 36, 56, 76) 

darin zu erzeugen; 

(d) NaUentwickeln des latenten Bilds inner- 
halb der Schicht aus strahlungsempfindli- 
chem Material zum Erzeugen eines Musters 

35 auf der Oberflache der wenigstens einen 

Schicht aus polymerem Material; und 

(e) Reagiererr der entwlckelten, ein Muster 
bildenden (14, 34, 54, 74) mlt einem metall- 
organischem Reagens, urn ein Stebestandi- 

40 ges Material (18, 40, 62, 80) zu erzeugen. 



Verfahren nach Anspruch 1, worin der folgende 
Verfahrensschritt nach dem Schrltt (d) hinzuge- 
fOgt wird: 

- Verandern der entwickelten, ein Muster 
bildenden Schicht (54) so, daJ3 sie fShig 
wird, mlt einem metallorganischen Rea- 
gens zu reagieren. 



Verfahren nach Anspruch 1, worin der folgende 
Verfahrensschritt nach dem Schritt (c) hinzuge- 
fUgt wird: 

- Andern der belichteten Schicht (36, 76), 
urn Entwickiungseigenschaften zu veran- 
dern und/oder urn zu ermdglichen dass 
das entwick Ite Abbild genOgend mit 
metallorganischen Reagenzien reagi rt. 
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4. Verfahren nach Anspruch 1, worm das nicht 
bestrahlte, strahlungsempflndliche Material 
funktionelle Grupp n enthalt, die in der Lage 
sind, mlt dem metallorganischen Reagens zu 



5. Verfahren nach Anspruch 4, worin das strah- 
lungsempflndliche Material aus der Gruppe 
ausgewahlt ist, die aus sensibilisierten Novoia- 

ken, sensibilisierten Poiyvlnylphenolen, und 10 
Polyacrylaten besteht. 

6. Verfahren nach Anspruch 1, worin das strah- 
lungsempfindliche Material keine funktionellen 
Gruppen enthMIt, die in der Lage sind, mlt dem 75 
metallorganischen Reagens ohne vorherige zu 
reagieren. 

7. Verfahren nach Anspruch 6, worin die strah- 
lungsempfindlichen Materialien Polymere sind, 20 
die funktionelle Komponenten enthatten, wel- 

che aus der Gruppe ausgewahlt sind, die aus 
o-Nitrobenzol-Derivaten (welche sich bei Be- 
strahlung verandem und Alkohole, SSuren und 
Amine bilden), photoempfindiichen reaktiven 25 
Einheiten und Diazoketonen besteht. 

8. Verfahren nach Anspruch 1, worin im Schritt 
(d) die Schicht aus strahlungsempfindlichem 
Material derart entwickelt wird, dass ein negati- 30 
ves Abbild zu erzeugt wird. 

9. Verfahren nach Anspruch 8, worin der bestrahl- 
te Teil des strahlungsempfindlichen Materials 
funktionelle Gruppen enthSIt, die in der Lage 35 
sind, mit dem metallorganischen Reagens zu 
reagieren. 

10. Verfahren nach Anspruch 9, worin das strah- 
lungsempfindliche Material aus einem poiyme- 40 
ren Material besteht, das aus der Gruppe aus- 

• gewahlt ist, die aus Novolaken, Poiyvinylphe- 
nolen und Polyacrylaten besteht 

11. Verfahren nach Anspruch 3, worin der folgende 45 
Verfahrensschritt nach dem Schritt des An- 
spruchs 3 hinzugefUgt wird: 

- Bestrahlung wenlgstens der vorher nicht 
exponierten Telle der Schicht aus strah- 



reagieren. 
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lungsempfindlichem Material. 
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